Cognitive functions, such as learning and memory, are instrumental in improving the patientís quality of life. Commonly used antipsychotic drugs are also useful in depression treatment and have a positive effect on spatial memory dysfunction caused by schizophrenia. Olanzapine (OLA) and aripiprazole (ARI) are known to have substantially different pharmacokinetics depending on sex, thus their therapeutic efficacy and dose of treatment may be different for males and females. The aim of the study was to assess whether dysfunction of spatial memory (Morris Water Maze ñ MWM) and locomotor activity (LA) improve in prenatally stressed rats (animal model of schizophrenia (AMS)) by OLA and ARI. OLA (0.5 mg/kg ip) and ARI (1.5 mg/kg ip) were administered to female Wistar rats (non-stressed control group (NSCG) and PSG). Single administration of ARI and OLA in the NSCG yielded no differences in spatial memory compared to the control group (C-NSCG), while OLA improved memory after 7 days of treatment compared to the C-NSCG. In the prenatally stressed group (PSG), an impairment of spatial memory by the drug was observed (vs. C-NSCG) after long-term treatment. Only chronic administration of ARI and OLA (PSG) improved spatial memory in female rats. Stress causes memory dysfunction in female rats. Chronic administration of ARI and OLA reverses this effect which can probably be associated with the mechanism of action of the drugs used (ARI/OLA). ARI acts as an agonist or antagonist mainly on D2 and 5-HT2A receptors, while OLA induces antagonist effects for these receptors.
The prevalence of schizophrenia is 1% worldwide with both positive and negative symptoms constituting the clinical image of the disease (1, 2) . Schizophrenia is defined as acute psychosis characterized by auditory hallucinations, delusions, interferences of cognition, and uncontrolled demeanors. In most cases, the disease starts early in human life and, as it progresses, interpersonal, social and professional functioning of the patient deteriorates (3, 4) .
The study conducted by Holzman (5) indicated that the development of schizophrenia is determined mainly by genetic factors, family relationships being less important. Nowadays, it is widely accepted that the genetic propensity to suffer from schizophrenia is a polygenic phenomenon and the occurrence of the disease might be related to the effect of harmful environmental factors (6, 7) .
The incidence of schizophrenia is higher among men than women. It has been pointed out that perinatal brain damages have an impact on the development of neurons and functioning of the Central Nervous System (CNS), which can increase the probability of developing mental disorders. It has been observed that, in people suffering from schizophrenia, the number of neurons decreases and neuronal connections, as well as brain structures, may be disturbed (cerebral cortex, hippocampus, cerebellum, thalamus). Moreover, disturbances in neurotransmission within the CNS induce functional deficits and increase susceptibility to stress (8, 9) which enhances the occurrence of schizophrenia. Stress activates the release of cortisol in humans and corticosterone in animals (10, 11) as well as monoamine transmission in the CNS. According to animal studies (12, 13) in which prenatal stress was being induced, there are significant changes e.g. in the neuroendocrine system of newborn offspring, or the animalsí locomotor activity is reduced. Spatial memory impairment has also been noted in these THE INFLUENCE OF OLANZAPINE AND ARIPIPRAZOLE ON SPATIAL MEMORY OF FEMALE RATS EXPOSED TO STRESS IN PERINATAL PERIOD animals during the Morris Water Maze (MWM) test (11, 14) . Aripiprazole (ARI) is a partial agonist of 5-HT1A and dopamine (DA), an antagonist of 5-HT2A receptors (1, 15) with an affinity to adrenergic α1 and histamine H1 receptors (16, 17) .
The antipsychotic activity of olanzapine (OLA) depends on the antagonistic effect of the drug on D2 and 5-HT2A receptors in the frontal cortex. It has been observed that antagonism to D2 receptors decrease positive symptoms of schizophrenia, while antagonism to 5-HT2A or D3 receptors decrease negative symptoms of the disease (18, 19) . Assumingly, the ability to activate the c-fos factor in the prefrontal cortex is responsible for OLAís antipsychotic activity which may be associated with the drugís effect of on negative symptoms of schizophrenia (20) .
The terapeutic effect of drugs depends on pharmacokinetic parameters (LADME) which depend on the patientsí age and gender or dose of the drug applied (21) . During the absorption stage, differences in the release of the drug substance caused by smaller secretion of gastric acid in women due to the predominance of the alkaline environment have been observed. This may possibly lead to slower absorption and decreased C max (22) . This effect is always lower in women, regardless of the estrous cycle. Women also display a decreased first-pass effect that is caused by increased expression of CYP2D6 isoenzyme (22ñ24). In men, however, lesser vulnerability to some drugs has been noted. It depends on faster biotransformation, which can be explained by the influence of testosterone on the induction of microsomal enzyme activity in the liver (24) . Several research studies indicate that the membrane transport protein, p-glycoprotein, is responsible for differences in drug metabolism. The expression of this protein in the liver is strongly connected with CYP3A and is higher in men than in women (25) .
Considering gender differences, which are relevant for the therapeutic effect of drugs applied, and our own studies (11, 26) indicating improvement of memory after administration of ARI and OLA to (male) animals with behavioral functions (including spatial memory) disturbed by prenatal stress, it was important to establish the impact of prenatal stress on memory functions of newborn females and observing whether ARI and OLA modify these functions.
MATERIALS AND METHODS

Animals
Timed pregnant Wistar female rats (30) were purchased from Poznan University of Medical Sciences, Poland; (licensed by the Ministry of Agriculture in Warszaw, Poland) and arrived at our animal facility on day 2 of gestation. The pregnant animals were housed individually in a light-controlled (lights on 07.00ñ19.00 h) and temperature and humidity-controlled animal facility. The dams had free access to rat chow (Labofeed B) and water. For tests, female rats born to mothers subject to prenatal stress during pregnancy were used.
The total number of animals taken in the study was 130 (30 mothers, 50 female offspring, 50 control group of females). Adolescent female rats (100 animals ñ 60-70 days after birth) were divided into two groups ñ Non-Stressed Control Group (NSCG) ñ (50 rats ñ non-prenatally stressed females) and Prenatally Stressed Group (PSG) ñ (50 rats ñ prenatally stressed offspring of the 30 stressed females). Animals were selected from different litters (different mothers) and were subsequently randomly distributed into experimental groups: locomotor activity (LA) (40) and MWM (60) .
All procedures related to the use of rats in these experiments were conducted with due respect to ethical principles regarding experiments on animals (Local Ethical Commission for Research on Animals).
Drugs
Carboxymethylcellulose sodium (CMC) was obtained from Koch-Light Laboratories (London, England), ARI from Otsuka Pharmaceutical Europe, Bristol-Myers Squibb Poland, OLA from Eli Lilly Poland and apomorphine (APO) from Sigma Aldrich Poland.
The female rats were administered ARI (1.5 mg/kg), OLA (0.5 mg/kg) or the vehicle intraperitoneally (ip) 30 min before the test and for 7, 14 and 21 days. APO (2.0 mg/kg) was administered subcutaneously (sc) only once 20 min before the test. ARI and OLA were suspended in a 0.5% CMC solution, while APO was dissolved in 0.9% NaCl plus 2 drops of 0.1% ascorbic acid. Between the tests with different assays, there was a 24 h washout period to wash out the drug residues or its active metabolites. The controls were given CMC only (2 mL, ip or 0.9% NaCl plus 2 drops of 0.1% ascorbic acid sc) according to the same schedule. Separate groups of animals were used for different tests.
Prenatal stress procedure (27) Beginning on day 14 of gestation, the pregnant dams were exposed to a repeated variable stress paradigm until the delivery of their pups on a gestational day 22 or 23 as previously described. The stress-es used in this paradigm included: (1) restraint in metal tube for 1 h, (2) exposure to a cold environment (4 O C) for 6 h, (3) overnight food deprivation, (4) 15 min of swim stress in water of ambient temperature, (5) lights on for 24 h, and (6) social stressinduced by overcrowded housing conditions during the dark phase of the cycle. A typical schedule of the stress applications is presented in Table 1 . Pregnant control dams remained in the animal room from gestational days 14-21 and were only exposed to normal animal room husbandry procedures. All dams delivered their pups vaginally.
Behavioral analyses
Measurement of locomotor activity (LA)
LA was measured in rats (NSCG and PSG group) using eight 20.5 × 28 × 21 cm wire grid cages, each with two horizontal infrared photocell beams along the long axis, 3 cm above the floor. Photocell interruptions were recorded by electromechanical counters in an adjacent room. Prior to the test, all groups of animals were habituated to a novel cage within a 30 min period. Subjects were tested on post-natal day 35 for single administration of CMC 30 min (ip) and 2.0 mg/kg APO 20 min (sc) before LA in NSCG and PSG group. Rats were also treated with 1.5 mg/kg ARI (ip), 0.5 mg/kg OLA (ip) or saline in NSCG and PSG study groups. Photocell activity would subsequently be recorded at 10-min intervals for 1 h. This test provided an index of basal locomotor activity of animals in a familiar environment, necessary to indicate the presence of a central stimulant or sedating effects of the drug used in the novelty test. (28) MWM apparatus was a circular basin (diameter = 180 cm, height = 50 cm) filled with water (approximately 22-24 O C) to a depth of 24 cm, and pieces of Styrofoam were hiding an escape platform (diameter = 8 cm) that was placed 1cm below the water surface (learning place, invisible condition). Many extra-maze visual cues surrounding the maze were available, and the observer remained in the same location for each trial. The rats were placed in the water facing the midpoint section of the wall at one of 4 equally spaced locations: north (N), east (E), south (S) and west (W). The pool was divided into 4 quadrants: NW, NE, SE, and SW. The rats were allowed to swim freely until they found and climbed onto the platform. If a rat failed to locate the platform within 60 s, it would be put on the platform for 5 s. Each rat was submitted to 6 trials per day, and the starting position was changed at each trial (starting on the N side, followed by E, S, W sides, in that order). The interval was 5 min between trials 1-3 and 4-6 and 10 min between trials 3 and 4. For the first 3 days of maze testing, the submerged platform was placed in the NW quadrant. The platform was subsequently placed in the SE quadrant for the following 2 days. After these 5 testing days, there was a period of 7 days without any testing. On day 6, the rats were retested with the platform located in the same position as it had been on day 5. On day 7, the platform was lifted above the water level and placed in the SW quadrant, and rats were injected ARI (1.5 mg/kg) and OLA (0.5 mg/kg) 30 min before the test. Each rat was subjected to a one probe trial consisting of 6 individual trials. The total number of times each rat crossed the probe (crossed quadrants ñ space navigation) target area and the time of the probe trial (escape latencies ñ space exploration) swim were recorded by the observer. The time of each of the 6 trials was noted, and the mean value for each rat was calculated. The same procedures were followed in chronic experiments. After prolonged administration of ARI and OLA (7, 14 and 21 days), the drug effects were tested as described for day 7 of the MWM test procedure.
Morris water maze test (MWM)
Statistical analysis
The data are shown as mean values ± SEM. The data distribution pattern was not normal (unlike Gaussian function). Statistical analyses for spatial memory test and LA test were carried out using the nonparametric Kruskal-Wallis test for unpaired data and ANOVA Friedman two-way analysis of variance test for paired data. Statistical significance was tested using Dunnís post-hoc test.
RESULTS
Effects of single administration of APO on locomotor activity in the NSCG and PSG female rat groups
APO applied in the dose of 2.0 mg/kg 20 min before the test (29) ñ (Table 2 ) increased the mobility of animals both in the NSCG and PSG. In the PSG, a statistically significant increase of mobility comparing to APO NSCG has been observed (which confirms a proper selection of the animal model of schizophrenia (AMS).
Effects of single and repeated administration of ARI and OLA on memory measured in the MWM test (number of escape latencies) in the NSCG and PSG female rat groups
In female rats that had been exposed to prenatal stress, a disturbed spatial memory was observed (an increase of escape latency in PSG rats comparing to NSCG group after 14 and 21 days of studying) ( Table 3) .
A single administration of ARI at the dose of 1.5 mg/kg 30min before the test did not yield any memory improvement in NSCG and PSG. Nevertheless, after multiple administration of ARI (7, 14 and 21 days), an improvement of spatial memory in NSCG and PSG was observed ( Table 3) .
A single administration of OLA at the dose of 0.5 mg/kg 30 min before the test failed to improve memory in either NSCG or PSG. In NSCG, continuous administration of OLA improved memory after 7 days of medicine intake; no memory improvement was observed, however, after 14 and 21 days of OLA administration (Table 3 ). In PSG, spatial memory improvement was observed 7, 14 and 21 days of OLA administration (Table 3 ).
In prenatally stressed females, no deterioration of spatial memory compared to NSCG was observed in terms of the number of quadrants crossed (Table 4 ). After a single administration of ARI at the dose of 1.5 mg/kg 30 min before the test, memory deterioration (increased number of quadrants crossed) was observed in PSG. After multiple administration of ARI (21 days), a spatial memory improvement in both NSCG and PSG was observed ( Table 4 ). A single administration of OLA at the dose of 0.5 mg/kg 30min before the test failed to improve memory in either NSCG or PSG. In NSCG, continuous administration of OLA improved the memory after 7 days while no memory improvement was noted in PSG after continuous administration of OLA (Table 4 ).
DISCUSSION
Studies show that the environment and psychosocial stress might be relevant factors in the development of schizophrenia (30) . Prenatal exposure to strong stress frequently leads to changes in brain structure (31) and increases the risk of the disease (32) . Stress could deteriorate cognitive functions, hence exacerbating schizophrenia symptoms (33, 34) . It has been indicated that separating newborn offspring from their mother results in considerable stress and increases blood glycocorticosteroid level which can elicit schizophrenia symptoms in adult life (35) .
In studies conducted on prenatally stressed female rats, increased locomotor activity has been observed compared to the activity after apomorphine administration (29) . These results also correspond to an increased level of plasma corticosterone in rats (11) . Similar results were noted by Koening et al. (36) which confirms a proper selection of the AMS applied.
Despite this fact, none of the known AMS completely reflects the clinical features of the disease, a model using prenatal stress generates an increase of LA level typical for schizophrenia, memory deterioration and a higher level of corticosterone (11) .
An increase of locomotor activity in PSG rats may be connected with increased release of DA in the striatum and nucleus accumbens (NAc) (37) . Our results are consistent with the study by Laruelle et al. (38) , which found the increased DA release in the striatum to be strictly connected with increased locomotor activity in prenatally stressed rats. Similar results were obtained by McCormick et al. (39) in studies on female rats. Bowman et al. (40) , however, failed to observe increased activity of animals in a study conducted on Sprague Dawley female rats. Nonetheless, female rats tended to be more anxious. The literature review emphasizes gender differences in predisposition to schizophrenia (41) . It has been pointed out that the incidence of schizophrenia is higher among men than women. Some studies also show gender differences regarding the pharmacotherapy applied (42, 43) .
The terapeutic efficacy of drugs depends on pharmacokinetic parameters which in turn depend on the drug dose used, age, and gender (44) . Detailed gender-related differences are observed in women in terms of absorption phased in LADME due to the higher pH level compared to men (44, 45) . This leads to Cmax reduction (45) and attenuation of the first-pass effect in connection with CYP2D6 cytochrome induction (24) . Other major gender-related pharmacokinetic parameters include binding to proteins, and distribution and metabolism phases depending on the effect of estrogen and progesterone (46) . According to the results presented by Su-Young Choi et al. (47) estradiol may affect the activity of CYP2A6, CYP2B6, and CYP3A4 cytochromes, while progesterone may modify the expression of CYP2A6, CYP2B6, CYP2C8, CYP3A5 cytochromes. For our studies, CYP3A4 cytochrome is of particular importance as it is involved in ARIís and OLAís metabolism. As shown by the results obtained by Hagg (48) , there are also significant differences in the metabolism of CYP2D6 cytochrome. The authors pointed out that the expression of this cytochrome in women was 16% lower than in men. Other studies confirm this fact as well (49, 50) . Another major gender-related parameter is the lipid compartment which extends the drugís half-life (T 1/2 ) in women (46) .
Prenatally stressed rats had greater difficulties in performing simple activities ñ searching for the footway in spatial memory test according to MWM (51) ñ which was confirmed by our earlier studies (11, 26) . Similar results confirm that chronic exposure to stress disturbs memory functions in animals regardless of their gender. Corresponding results were obtained by Saju et al. (52) , who confirmed that chronic stress results in considerable changes in the hippocampus ñ lower number of neurons ñ in prenatally stressed female offspring.
Chronic administration of ARI (7 to 21 days) resulted in spatial memory improvement in the NSCG. This corroborates with the results of Burda et al. (53) which showed a higher dose of ARI (6 mg/kg) to have improved cognitive functions. In contrast, studies by Ratajczak (11, 54) confirmed the improvement of spatial memory in male rats after multiple administration of ARI at the dose of 1.5 mg/kg. The memory improvement mechanism is generated by the effect of ARI on DA receptors located in the prefrontal cortex (PFC) (55) , as well as the inhibition of D2 receptor activity in the mesolimbic system and activation of this activity in the prefrontal cortex (53) . Similar results were obtained by Li et al. (56) who observed a reduced DA release in NAc and explained it as the agonistic effect of ARI on D2/D3 receptors. They also noted that ARI at the dose of 1mg/kg had an antagonistic effect on D2 receptors and agonistic effect on 5-HT1A receptor. No gender-related differences in plasma concentration have been found for ARI (57ñ59). This does not change the fact that potential differences in terms of metabolism using equivalent isoforms of P-450 cytochrome might be important in this drugís case. This may partially explain the results obtained by the researchers in our study. Spatial memory improvement in PSG female rats was observed after multiple administration of ARI (7, 14 and 21 days). Corresponding results were obtained in our previous studies (on males) (11, 53) , also confirmed by other authors (60, 61) . This suggests that DA receptors located in the dorsal-lateral region of the PFC, in particular, are responsible for memory improvement in prenatally stressed rats (of both sexes). This effect may also depend on the dose of ARI used during the study since Enomoto et al. (62) claimed that ARI administered in lower doses (0.3 and 1 mg/kg) did not improve spatial memory in MWM.
In the case of OLA administered to the NSCG, only temporary improvement of memory was observed (after 7 days of treatment). Nonetheless, in the case of PSG rats, OLA improved memory after 7, 14, and 21 days of treatment. These results are consistent with the studies by Levin et al. (63) (46), who also observed a memory improvement in adult female SpragueñDawley rats in 8-arm radial in doses of OLA between 31.25 and 250 µg/kg in females. There are no studies devoted to OLAís effect on prenatally stressed females.
In the study on the administration of OLA to non-stressed male rats, Ratajczak et. al. (11) observed that spatial memory improved after chronic treatment (14ñ21 days). Similar results were obtained by Nowakowska et al. (64) who confirmed that OLA improved spatial memory in male rats after multiple administration of the drug. The improvement of cognitive functions may be related to the antagonistic effect of OLA on 5-HT2A, 5-HT2C, 5-HT6 receptors and the activation of 5-HT1A receptors (65) . Nevertheless, the effect of memory improvement in stressed male rats was observed after both single and multiple administration of OLA (11) . Other authors failed to find this dependence in the MWM test (66, 67) . The lack of such effect in prenatally stressed animals can be explained by the blockade of D2 and 5-HT2A receptors during OLA administration (both single and repeated), with concurrent OLA stimulation of DA receptors type D1 and D3. According to the study by Callaghan et al. (68) gender is of fundamental importance for OLAís pharmacokinetics, particularly for the metabolism of P-450 cytochrome, by leading to plasma concentration increase in women (57) .
Differences in behavioral effects in female and male rats can be explained by enzymatic differences related to functions of digestive systems between males and females, hormonal differences among females. It may also be of paramount importance in the occurrence of memory disorders in schizophrenia (the different activity of testosterone and estrogen) (69) Such differences may also affect the drugís therapeutic efficacy due to the drugís interaction with the hormonal system which ñ in OLAís case ñ may lead to memory improvement in women also observed following treatment with fluoxetine (26) .
CONCLUSION
In female rats, prenatal stress causes spatial memory disorders that are typical for the course of schizophrenia. Chronic administration of ARI and OLA inverts this effect in the case of females exposed to prenatal stress. This effect may probably be related to ARIís mechanism of action (agonist or antagonist), mainly on D2 and 5-HT2A receptors, and OLAís antagonistic effect on these receptors in relation to memory. These results may suggest that chronic drug administration is required to achieve the effect of memory improvement in females. Moreover, both male hormones (androgens) and female hormones (estrogens) may modify both axonal and receptor connections in the brain and the succession of changes in psychobehavioral terms which might lead to the modified efficacy of the pharmacotherapy applied.
